Background-Impulsivity is a hallmark characteristic of drug addiction and a prominent feature of externalizing disorders such as psychopathy that are commonly comorbid with drug addiction. In a previous study (Vassileva et al., 2007) we have shown that psychopathic heroin addicts evidence more impulsive decision-making on the Iowa Gambling Task relative to nonpsychopathic heroin addicts. The goal of the current study was to investigate whether the observed impulse-control deficits in psychopathic heroin addicts would generalize to other neurocognitive domains of impulsivity, such as delay discounting and behavioral inhibition among a group of relatively "pure" heroin addicts in Bulgaria who participated in our previous study.
Introduction
Drug addiction is conceptualized as a chronic relapsing disease characterized by long-term neuroadaptive changes in the brain and associated long-lasting impairments in neurocognitive functioning (Koob and Volkow, 2010) . Some of the most notable neurocognitive deficits in substance dependent individuals (SDIs) are observed in the area of inhibitory and impulse control, proposed to be the core mechanisms underlying the compulsive pattern of drug seeking and use that persists despite negative health and social consequences for the drug user (Goldstein and Volkow, 2002; Jentsch and Taylor, 1999) . There is accumulating evidence that drug users consistently show neurocognitive deficits in impulse control, yet compared to other drugs of abuse such as stimulants, cocaine, or cannabis, the long-term neurocognitive effects of opiates have received considerably less research attention, even though opiates continue to account for the largest proportion of people in drug treatment worldwide (United Nations Office on Drugs and Crime, 2008) .
Evidence from the few studies available to date indicates that heroin users show impairments in impulse control that include impulsive decision-making (Brand et al., 2008; Fishbein et al., 2007; , impaired behavioral inhibition (Mintzer and Stitzer, 2002) , increased risk-taking (Bornovalova et al., 2005) , and increased discounting of delayed rewards (Kirby et al., 1999; Kirby and Petry, 2004; Madden et al., 1997) . However, findings are often hard to interpret, given that with few exceptions (Fishbein et al., 2007; Vassileva et al., 2007) , most neurocognitive studies of heroin users are based on polysubstance users, which makes it impossible to dissociate the neurocognitive effects of heroin from the confounding effects of other drugs.
Further, neurocognitive studies of heroin users often fail to control for the confounding effects of common comorbid psychiatric conditions such as Antisocial Personality Disorder (ASPD) or psychopathy, known to adversely affect neurocognitive functioning in a fashion similar to drug addiction. In a previous study of neurocognitive functioning in heroin users (Vassileva et al., 2007) , we successfully circumvented these methodological challenges by conducting the study in Bulgaria, where patterns of heroin use are unique in that polysubstance dependence among heroin users is still relatively uncommon. We found that the presence of psychopathy among relatively "pure" heroin users with no significant history of dependence on other substances is associated with impulsive decision-making, as indexed by impaired performance on the Iowa Gambling Task. Yet, given the multidimensional nature of impulsivity, the question still remains of whether the observed neurocognitive deficits in impulsivity among psychopathic heroin addicts are limited to impulsive decisionmaking in particular, or whether they would generalize to other neurocognitive domains of impulsivity. In the current study, we expand our investigation of impulsivity among psychopathic heroin addicts, by examining patterns of performance in two additional neurocognitive domains of impulsivity, namely delay discounting and behavioral inhibition. Impulsivity, clinically defined as "an individual's predisposition toward rapid, unplanned reactions to internal or external stimuli without regards to the negative consequences of these reactions to themselves or others" (Moeller et al., 2001 ) is implicated in virtually all kinds of addictive behaviors (de Wit and Richards, 2004; Jentsch and Taylor, 1999) . Although there has been a notable interest in impulsivity in the addiction literature, research has been plagued by the multifactorial nature of the construct (Evenden, 1999) , which has presented a significant problem for investigating its biological underpinnings (Evenden, 1999) . Although impulsivity is often thought of as a personality trait or a symptom of various psychiatric disorders, many contemporary conceptualizations of impulsivity involve distinct performance-based neurocognitive manifestations of the construct. Generally, neurocognitive measures typically capture one of three domains of impulsivity. The first domain is that of impulsive decision-making (Bechara et al., 1994) , which reflects impaired ability to make decisions in accordance with long-term rather than short-term goals (Bechara et al., 2001) and is considered to reflect myopia for future consequences (Bechara, 2005) . This type of impulsivity is sometimes referred to as "cognitive impulsivity" (Verdejo-Garcia et al., 2008) and is typically measured in the laboratory with gambling or betting tasks such as the Iowa Gambling Task (Bechara et al., 2001) , the Cambridge Gambling Task (Rogers et al., 1999) , or the Game of Dice Task (Brand et al., 2005) . Conceptually similar is the domain of delayed rewards discounting, referring to the reduction in the present value of a future reward as the delay to that reward increases (Kirby et al., 1999) . It is measured in the laboratory with delayed rewards discounting tasks, which involve making a selection between smaller immediate rewards and larger delayed rewards (Bickel and Marsch, 2001) . The third major domain of impulsivity captured by neurocognitive tasks is related to impaired behavioral inhibition, manifested as inability to inhibit or withhold a prepotent or an already initiated response. This type of impulsivity is sometimes referred to as "motor impulsivity" (Bechara et al., 2000; Dougherty et al., 2003) and is measured with tasks as the Go/No-Go Discrimination Task or the Stop Signal Task. Substance dependent individuals show deficits on virtually all of these tasks (Bechara et al., 2001; Bechara and Damasio, 2002; Bornovalova et al., 2005; Fishbein et al., 2007; Kirby and Petry, 2004; Lejuez et al., 2004; Petry, 2003; Rogers et al., 1999; VerdejoGarcia et al., 2007) , whereas heroin users in particular appear to be impaired primarily on delayed reward discounting and decision-making tasks (Fishbein et al., 2007; Kirby et al., 1999; Madden et al., 1997; Odum et al., 2000) , although research employing tasks of behavioral inhibition in this population is very limited.
In addition to its involvement in addictive behaviors, impulsivity has also been implicated in externalizing disorders that are highly comorbid with drug addiction, such as Antisocial Personality Disorder (ASPD) and psychopathy. In fact, drug and alcohol addiction were part of the original criteria for antisocial personality disorder (at the time called sociopathic personality disorder) in the DSM-I (American Psychiatric Association, 1952). The prevalence of lifetime substance use disorders in individuals with ASPD has been reported to be as high as 90% (Regier et al., 1990 ). The extremely high comorbidity of substance abuse and ASPD has led some to question whether ASPD should be viewed as independent of substance abuse (Gerstley et al., 1990; Regier et al., 1990) , as it has been argued (Darke et al., 1998; Reardon et al., 2002) that it is possible to meet diagnostic criteria for ASPD on the basis of illicit drug use alone. A potentially more informative alternative to the somewhat over-inclusive diagnosis of ASPD is the construct of psychopathy (Hare, 1991) ; a disorder characterized by poor behavioral controls and antisocial lifestyle much at a par with ASPD, but also characterized by personality style consisting of distinct affective and interpersonal characteristics, not covered by the ASPD criteria. In fact, the proposed draft criteria for the upcoming revision of the Diagnostic and Statistical Manual (DSM-V) include many of the affective and interpersonal characteristics of psychopathy that are not currently covered by the ASPD criteria, and it has been proposed that the disorder be renamed to "Antisocial/Psychopathic Type" (American Psychiatric Association, 2010). ASPD and psychopathy have been associated with neurocognitive deficits in impulsivity, predominantly in the domain of behavioral inhibition (Dolan and Park, 2002; Newman and Kosson, 1986; Vollm et al., 2010) . With regards to decision-making and delayed reward discounting, research still appears inconclusive with some studies reporting impulse control deficits (Blair et al., 2001; van Honk et al., 2002; Vassileva et al., 2007) , whereas in other studies (Losel and Schmucker, 2004; Schmitt et al., 1999) psychopaths fail to exhibit such deficits.
The goal of the present study was to determine whether psychopathy in heroin addicts would be associated with neurocognitive deficits in two domains of impulsivity, which we did not investigate in our earlier study on decision-making in this population. In order to avoid the confounding effects of polysubstance use, we conducted the study in Bulgaria, where heroin addiction is highly prevalent but polysubstance dependence is still relatively rare. We administered two neurocognitive tasks, measuring two different dimensions of impulsivity: (1) Delayed Rewards Discounting Task, a measure of temporal discounting of monetary rewards; and (2) Passive Avoidance Learning Task, a "motivated Go/No-go" type of task, measuring one's ability to inhibit inappropriate motor responses based on different reward and punishment contingencies. We hypothesized that the presence of psychopathy in heroin addicts would be associated with greater impairments in the two neurocognitive domains of impulsivity evaluated in the current study.
Methods

Participants
Participants were 92 currently abstinent male heroin users, ages 18-50, who were tested at St-Naum University Hospital of Neurology and Psychiatry in Sofia, Bulgaria. Participants were recruited by informational flyers distributed at outpatient drug treatment centers. The study was approved by the Institutional Review Boards of University of Illinois -Chicago and St-Naum University Hospital and written informed consent was obtained from all participants prior to any study procedures.
All subjects met DSM-IV criteria for heroin dependence. Participants were abstinent from drug and alcohol use at the time of testing, which was verified by a rapid urine toxicology screen and an alcohol Breathalyzer test. None of the subjects were on opioid substitution therapy. All subjects reported being HIV-seronegative. Exclusion criteria included: (1) positive rapid urine toxicology screen for opioids, cocaine, amphetamines, or marijuana; (2) positive alcohol Breathalyzer test; (2) history of open head injury or closed head injury with loss of consciousness exceeding 30 min; (3) CNS illness or injury; (4) schizophrenia, major depression, or bipolar disorder; (5) current psychotropic medication; (6) current dependence on alcohol, amphetamines, cocaine, or cannabis; (7) estimated IQ scores below 75.
Participants were classified into psychopathic (n=20) and non-psychopathic groups (n=72) based on scores on the Psychopathy Checklist -Revised (Hare, 1991) .
Assessment
The Structured Clinical Interview for DSM-IV Substance Abuse Module (SCID-SAM: (First et al., 1996) , translated into Bulgarian was used to assess for substance dependence. The Bulgarian translation of the Hare Psychopathy Checklist, Revised (PCL-R; Hare, 1991) was used to assign participants to psychopathic and non-psychopathic groups. We employed the standard cutoff score of 25 on the PCL-R typically used in studies with SDIs (Rutherford et al., 1999) and in European studies (Cooke et al., 2005; Cooke and Michie, 1999; Hare and Neumann, 2009 ) to classify participants as psychopathic or non-psychopathic. The Ravens Progressive Matrices was used to estimate IQ. In addition, we administered self-report questionnaires to assess depression (Beck et al., 1996) and anxiety (Spielberger, 1971 ).
Neurocognitive Tasks of Impulsivity
Passive Avoidance Learning Task (PALT)-
We administered an adaptation of the Passive Avoidance Learning Task (Newman and Kosson, 1986) , a type of computerized Go/No-Go discrimination task on which psychopathic individuals are commonly impaired (Newman et al., 1985; Newman and Kosson, 1986; Newman and Schmitt, 1998) . The PALT involves mixed incentives (rewards and punishments) assessing the ability to respond to cues that have been previously paired with rewards and to withhold responding to cues that have been paired with punishment. This version of the task is sometimes referred to as "motivated go/no-go task" (Nigg, 2001) and is not identical to standard non-motivational go/ no-go tasks, which typically do not include reward and/or punishment contingencies. Briefly, participants are told to learn by trial and error to respond to "good" numbers (S+) to earn reward and withhold a response to "bad" numbers (S−) to avoid punishment. Stimuli consist of 8 two-digit numbers presented in a pseudo random order for 80 trials and equally divided between S+ and S− stimuli. Each participant received a 4 trial reward pretreatment with only the S+ stimuli in order to establish a dominant response set for reward. Data from the reward pretreatment trials were not included in the analyses. Test trials began immediately after the reward pretreatment with no noticeable break. Following procedures of Newman and colleagues (Newman and Schmitt, 1998) , each participant's keypress response resulted in a visual, auditory, and monetary feedback. Correct responses were followed by a message "You win 10 cents!" appearing on the computer screen, a highpitched tone, and the experimenter gave the participant a red plastic chip worth 10 cents. Incorrect responses were followed by a message "You lose 10 cents", a low-pitched tone, and the experimenter removed a chip from the participant. No rewards were won or lost when a subject did not respond. Participants were told that the overall goal of the task was to earn as much money as possible and that they would redeem 10 cents for each chip that they had accumulated at the end of the experiment. We examined passive avoidance errors/errors of commission (failure to withhold responses to S− stimuli) as a primary index of impulsive responding, and errors of omission (failure to respond to S+ stimuli), typically used as an index of inattentiveness. Data were analyzed with repeated measures ANOVA, with group (psychopaths, non-psychopaths) as the between subjects factor and error type (commission, omission) as the within subjects factor.
Delayed Reward Discounting Task (DRDT)-
The delay discounting model of impulsivity defines impulsive choice as the choice of a smaller sooner reward over a larger later reward (Ainslie, 1975) . In general, as discount rates increase, people are progressively more inclined to choose immediate over delayed rewards (Kirby, 2009) . In this respect, higher discount rates serve as a behavioral index of impulsivity and delay discounting has shown good external and criterion validity as such (Kirby, 2009) . A number of studies reveal that SDIs discount delayed rewards at significantly higher rates than non-SDIs (reviewed in Reynolds, 2006) , consistent with clinical observations that SDIs typically choose a smaller immediate reward (i.e. taking the drug) over larger but delayed rewards (e.g. improved health, better financial status, etc.).
We assessed delayed reward discounting using the Monetary-Choice Questionnaire (MCQ) following procedures used by Kirby and colleagues (Kirby et al., 1999) . The questionnaire consists of a set of 27 choices between smaller immediate rewards (S) available today and larger delayed rewards (L) available at delays ranging from 7 to 186 days. Given that discount rates usually decrease as the amount of the rewards increase (Kirby, 1997) , the 27 questions were grouped in one of three categories based on the approximate magnitudes of the delayed rewards: small ($25-35), medium ($50-60) and large ($75-85) . In order to encourage accurate responding, participants were given a 1-in-6 chance to receive an actual reward upon task completion (Kirby et al., 1999) , consisting of 1/10 th of the value of one of their previous choices. We decided to adjust downward the value of the actual reward based on ethical concerns that the dollar-amount values in the MCQ were excessively high by Bulgarian standards. The US currency of the reward values was replaced with the equivalent in Bulgarian Leva.
Discount rate parameters were estimated from participants' patterns of choices across the nine questions in each of the three magnitude categories (Kirby et al., 1999) . The discount rate was determined by k, a hyperbolic discount parameter that indexes how rapidly the participants' valuation of the reward declines as the delay interval increases. We estimated the value of k that would yield indifference between S and L for each of the 27 questions using the following equation: V=A/(1+kD), where V is the present value of reward A available at delay D, and k is the discount rate parameter (Mazur, 1987) . For example, in the question: "Would you prefer $31 today or $85 in 7 days?" k has a value of 0.25. A participant with a k of 0.25 would be indifferent between the two rewards. A choice of the immediate reward would result in a k greater than 0.25. Likewise, participants choosing the delayed reward would obtain a k smaller than 0.25.
Estimated k values were assigned according to the highest proportion of the participant's choices consistent with that value. Within each magnitude category (small, medium, large) the 9 choices that the participant makes define 10 ranges where the value of k might fall. Within each reward magnitude, each participant is assigned a k value that has the highest proportion of his or her choices consistent with that value (Kirby and Petry, 2004 ). An overall value of k for each participant can also be calculated from the geometric mean of the 3 k values. Consistency is defined as the discount rate that produces the highest relative consistency across trials and, therefore, gives the best estimate of the participant's k value (Kirby et al., 1999) . However, participants' choices are not always consistent with a single value of k. Participants who evidenced more than 2 inconsistent choices on any of the 3 magnitude conditions were excluded from the analyses (Kirby et al., 1999) .
Data were analyzed with repeated measure ANOVA, with group (psychopaths, nonpsychopaths) as the between subjects factor and reward magnitude (small, medium, large) as the within subjects factor.
Results
Participants' Characteristics
The psychopathic and non-psychopathic groups were well matched on demographic, mental health, and substance use characteristics (Table 1) . Psychopathic heroin addicts had significantly greater history of incarceration than the non-psychopathic heroin addicts [X 2 (1)=23.1, p<.000]. In fact, all participants (n=6) who reported having a history of incarceration were from the psychopathic group. Nonetheless, 70% of participants in the psychopathic group reported no history of incarceration.
Passive Avoidance Learning Task
Six participants had missing data on the task due to technical difficulties with the computer program; therefore results are based on data from 17 psychopathic heroin addicts and 69 non-psychopathic heroin addicts. Both errors of commission and errors of omission on the Passive Avoidance Learning Task were not normally distributed; therefore the data were logarithmically transformed and analyses performed on the transformed data. Consistent with the literature, the ANOVA revealed a significant main effect for type of errors [F(1,67)=15.85, p<.0001; partial η 2 =.19], indicating that participants committed significantly more errors of commission than omission. In addition, we observed a marginally significant effect of psychopathy [F(1,67) Table 2 and Figure 1 ).
Delayed Rewards Discounting Task
Three participants had missing data on the task and one participant had more than two inconsistent choices, therefore they were excluded from the analyses. Data from the Delayed Rewards Discounting Task were also not normally distributed, therefore we applied a logarithmic transformation in order to approximately normalize the distribution of k values (Kirby et al., 1999 
Discussion
In this study, we examined whether the neurocognitive deficits in impulsive decisionmaking that we previously observed in psychopathic heroin addicts (Vassileva et al., 2007) would generalize to other neurocognitive domains of impulsivity, such as delayed rewards discounting and behavioral inhibition. Current results indicate that psychopathic heroin addicts do not show impulse control deficits in these domains of impulsivity relative to nonpsychopathic heroin addicts. Contrary to our hypotheses, not only were psychopathic heroin addicts not more impulsive on these two tasks, but in fact there was evidence that they displayed superior attentional capacity on the Passive Avoidance Learning Task relative to non-psychopathic heroin addicts, as indicated by the significantly fewer errors of omission that they committed on the task.
Combined with our previous finding of more impulsive decision-making in psychopathic heroin users based on the same study sample (Vassileva et al., 2007) , these results suggest that psychopathic heroin addicts are not uniformly impaired across various neurocognitive domains of impulsivity. Of three domains of impulsivity measuring decision-making, delay discounting, and behavioral inhibition, psychopathic heroin addicts evidenced more impulsive decision-making relative to non-psychopathic heroin addicts, yet their performance was not impaired in other domains of impulsivity. Therefore, the presence of psychopathy may exacerbate decision-making deficits in heroin addicts, but it may not have a significant effect on other domains of impulsivity in this population. This finding could have important clinical implications in light of reports showing that decision-making, but not behavioral inhibition or delay discounting, predict abstinence from illicit drug use among heroin addicts (Passetti et al., 2008) .
The lack of group differences in performance on the two impulsivity tasks used in the current study may be related to the fact that both the PALT and the DRDT involved the possibility of receiving actual monetary rewards. In contrast, the IGT on which we previously showed that psychopathic heroin addicts are impaired relative to nonpsychopathic heroin addicts (Vassileva et al., 2007) involves only hypothetical rewards. Though speculative, the possibility to receive real monetary rewards may be of sufficient motivational significance for psychopathic heroin addicts that it may differentially reduce the apparent impulse-control deficits that they display on tasks with no actual monetary contingencies, such as the IGT. This hypothesis is consistent with results from studies showing greater responsivity to reward in psychopaths with no concurrent impairments in passive avoidance learning (Scerbo et al., 1990) and with some of the earliest reports of this nature (Schmauk, 1970) indicating that psychopaths learn to avoid punishment better under a "tangible punishment" condition associated with loss of monetary rewards, than in "physical punishment" or "social punishment" conditions. It is also in line with recent reports revealing mesolimbic dopamine reward system hypersensitivity in psychopaths in response to actual monetary rewards (Buckholtz et al., 2010) . In this line of thought, it is of interest whether the performance of psychopathic heroin addicts on the IGT would improve if the task incorporated actual monetary rewards. Recently, in one of the first within-subject design studies administering the IGT with and without monetary rewards, Vadhan and colleagues (Vadhan et al., 2009) reported that monetary rewards improve performance of cocaine addicts on the IGT. On the other hand, research with delay discounting procedures (reviewed in Bickel and Marsch, 2001) indicates that although the discounting functions in tasks that use hypothetical rewards are quantitatively similar to those that use actual rewards, discount rates are higher with actual than with hypothetical rewards. However, the reward dollar amounts used in studies with actual rewards are generally lower than those used in studies with hypothetical rewards (Kirby, 1997) . With regards to the PALT and monetary rewards, many studies reporting passive avoidance learning deficits in psychopaths have used only points or other non-monetary incentives, and not actual monetary rewards (Blair et al., 2004; Kosson et al., 1990; Newman et al., 1985; Newman and Schmitt, 1998) , therefore the effects of actual rewards on psychopaths' performance are still not well understood.
Our finding that psychopaths evidence fewer errors of omission than non-psychopaths on the PALT and therefore show better attention than non-psychopaths under certain circumstances deserves discussion. Indeed, our study is not the first to show enhanced attentional capacities in psychopaths under certain circumstances. A number of studies (Newman et al., 1985; Newman and Kosson, 1986) have noted similar trends for fewer omission errors on the PALT in psychopaths. Scerbo and colleagues (Scerbo et al., 1990) found significantly fewer omission errors in psychopaths and suggested that they are capable of showing enhanced attention when sufficiently motivated to do so, which is in line with our findings. Similarly, research reveals that psychopaths show better attentional processing of relevant stimuli as indexed by enhanced P300 amplitudes (Raine, 1989 (Raine, , 1992 Raine & Venables, 1988) . Research also shows that frontal lobes mediated attentional and working memory functions are often perfectly intact and even superior in psychopaths (in Flor et al., 2002) . It has been suggested (Raine and Dunkin, 1990 ) that such compensatory strengths in certain attentional or cognitive abilities in psychopaths "could be capitalized on in therapeutic settings" and therefore may have significant implications for treatment. For example, if psychopaths are hypersensitive to reward and hyposensitive to punishment, intervention programs may be more effective if they emphasize the reward of prosocial behavior rather than punishment of antisocial behavior (Raine and Dunkin, 1990 ).
On the other hand, current results are not consistent with results from a number of studies reporting pronounced deficits in passive avoidance learning in psychopathic individuals (Newman et al., 1985; Newman and Kosson, 1986; Newman and Schmitt, 1998) . This apparent discrepancy could be due to differences in the sample population under investigation, particularly the presence or absence of drug addiction. In fact, most of the studies reporting passive avoidance learning deficits in psychopaths do not provide any information on the drug using status of their participants (Newman and Kosson, 1986; Newman and Schmitt, 1998) . Research reveals that the two-dimensional structure of the PCL-R-based psychopathy, commonly observed among prisoners and forensic psychiatric patients is not found among SDIs, who in contrast display a unidimensional structure of the construct (McDermott et al., 2000) . Therefore, the structure of psychopathy in SDIs appears still not to be fully determined. Further, given that most extant studies with psychopathic individuals are based on participants recruited from federal prisons, it is not clear to what extent incarceration and criminality contribute to the abnormalities previously observed in these studies (Flor et al., 2002) . In fact, virtually all of the studies reporting passive avoidance deficits have been based on samples of incarcerated psychopaths, whereas participants in our study were recruited from a community sample of heroin users, such that only 6.5% of our participants (all of whom were psychopaths) reported having a history of incarceration. It has been suggested (Widom, 1977) that the study of incarcerated psychopaths provides a biased sample of psychopathic individuals who may essentially represent "unsuccessful" psychopaths, whereas "successful" psychopaths typically manage to avoid incarceration. Using this criterion, many of our psychopathic participants would be considered "successful" psychopaths, given that 70% of them had no history of incarceration, even though they reported at times extensive criminal activity. Recent research reveals that structural brain abnormalities such as reduced prefrontal gray matter volume (Yang et al., 2005) , increased callosal white matter volume and length (Raine et al., 2003) , and asymmetrical hippocampi (Raine et al., 2004) , appear to be limited to "unsuccessful" psychopaths, whereas no such abnormalities are noted in "successful" psychopaths. Similarly, "successful" psychopaths have shown superior neurocognitive executive functioning than both "unsuccessful" psychopaths and controls (Ishikawa et al., 2001) . Together, these studies suggest that many of the previously reported neurocognitive and neuroimaging impairments in psychopaths may be limited to "unsuccessful" psychopaths. Therefore, the current results should not be readily generalized to psychopathic individuals from incarcerated samples or to psychopathic individuals with no history of substance dependence.
Several limitations of this study should be noted. First, the HIV-serostatus of our participants was determined on the basis of self-report, therefore, some of our participants could have been HIV-seropositive and not aware of their HIV-serostatus. This is of concern, in light of the significantly deleterious effects of HIV on neurocognitive functioning. However, given that the prevalence of HIV among Bulgarian injection drug users (IDUs) is still relatively low and was even lower (0.59% in IDUs) at the time when the study was conducted (United Nations Programme on HIV/AIDS, 2010), we believe that the likelihood that some of our participants could have been HIV-seropositive is very low. Similarly, we did not assess history of smoking in our participants, and nicotine has well-known effects on neurocognitive function. Further, we did not include other measures of executive functioning or self-report personality measures of impulsivity in our battery, which would have strengthened our design. We have begun to address these limitations in our currently ongoing studies with drug users in Bulgaria, which now include rapid HIV testing, assessment of smoking history and status, and an expanded battery of neurocognitive and personality tests. Finally, although the selection of relatively "pure" heroin users helped us address a significant methodological limitation in the literature, this nonetheless limits the generalizability of our findings, given that most heroin users in Western Europe and North America are polysubstance users.
In summary, our program of research addressing neurocognitive impulsivity among psychopathic heroin addicts indicates that psychopathy is not invariably associated with impulsive responding among this population. Out of three neurocognitive domains of impulsivity that we have tested, in a previous study we found that psychopathy had an effect on impulsive decision-making (Vassileva et al., 2007) , yet in the present study psychopathy did not appear to significantly affect other domains of impulsivity in heroin addicts. These results have significant implications for treatment programs that could be tailored to the specific type of neurocognitive impulsivity displayed by different sub-groups of SDIs. Performance of Psychopathic and Non-Psychopathic Heroin Addicts on the Passive Avoidance Learning Task Table 1 Participants' Characteristics Performance of psychopathic and non-psychopathic heroin addicts on impulsivity tasks 
